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ABSTRACT
PRESENTATION OF VERIFIED ALGAL TAXA 
AS REFERENCE SOURCES -  PHASE I I
The focus o f  t h i s  research p r o je c t  was to  con tinue  the deve l­
opment o f  a pho tog raph ic  system which would record  l i v i n g  organ­
isms using va r io u s  forms o f  l i g h t  m icroscopy w i th  c o r re c t  c o lo r  
and w i th  a r re s te d  movement. These demands d ic ta te  the  use o f  an 
e le c t r o n ic  f la s h  source w i th  m ete ring  and c o n t ro l system loca ted  
in  a p o s i t io n  fo l lo w in g  the passage o f  the l i g h t  through the o p t i ­
cal t r a i n .  The system developed uses o f f - t h e - s h e l f  components w ith  
a m o d if ie d  f la s h tu b e  ho lde r  which p o s i t io n s  the tube in  the ax is  
o f  the l i g h t  beam between the f i e l d  and i r i s  diaphragm. The l i g h t  
i s  measured o f f - t h e - f i l m  so t h a t  l i g h t  from the microscope and 
f la s h  are combined. The f la s h  is  quenched and s h u t te r  c losed based 
upon the combined read ing .
The second phase o f  the  research p r o je c t  concen tra ted  on (1) 
improving the a d a p ta b i l i t y  o f  the equipment to  v a r io u s  m ic ro ­
scopes, (2) t e s t in g  the system under va r io u s  l i g h t i n g  c o n d it io n s ,  
and (3) producing high q u a l i t y  m icrographs o f  se lec te d  v e r i f i e d  
taxa .
The m icrographs w i l l  be in co rp o ra te d  in to  an e x is t in g  e c o lo g i­
cal data base o f  the  a lgae o f  Arkansas. Many o f  the organisms are 
u b iq u i to u s .  T he re fo re ,  m icrographs are use fu l f o r  comparison w i th  
o th e r  sources as w e l l  as se rv ing  as a v e r i f i e d  re fe rence  resources 
o f  Arkansas taxa .
R ichard L. Meyer
Completion Report to  the U.S. Department o f  the I n t e r i o r ,  G eologica l 
Survey, Reston, VA, June 1989.
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INTRODUCTION
The only reference source fo r  the id e n t if ic a t io n  o f freshwater 
algae w ith  app rop ria te ly  colored i l lu s t ra t io n s  fo r  the United 
States is  by Wolle in  1887. Most o f the subsequent references 
have included lin e  drawings. Some o f these include i l lu s t ra t io n s  
w ith  cytoplasmic d e ta il,  w hile others are only s ilh o u e tte s . Cer­
ta in  tex ts  and a r t ic le s  may include monochromatic micrographs of 
f ix e d , d rie d , cleared, or trea ted organisms. The major taxonomic 
references contain ing s tipp led  drawings are in Russian, German and 
P o lish . Although s tipp led  drawings may present a th ree- 
dimensional view o f the organisms, they lack the true  co lo r and 
shadings o f the cytoplasmic inc lus ions , i .e .  p la s tid s , stigma, 
nucleus, storage products, spores, e tc .
Most photographic techniques are lim ite d  by the in te n s ity  o f 
the l ig h t  source and the re fore  require extended exposure times. 
Intense l ig h t  sources tend to  modify or k i l l  the c e lls  due to 
heating or photodegradation. Newer methods of microscopy, i .e .  
phase-contrast, Nomarski d if fe re n t ia l con tras t, and other systems, 
pass less l ig h t  to  the f i lm  plane and exposure time increased. 
These extended exposure times prevent capture o f g lid in g  a c t iv i ty  
and f la g e lla r  movement. Most m otile  c e lls  (vegeta tive , zoospores 
or gametes) are qu ite  small and e r ra t ic  in th e ir  rapid movement. 
Also, m o tile  c e lls  are very d i f f i c u l t  to photograph because th e ir  
movement is  exaggerated by the m agnifica tion o f the microscope.
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The requirements necessary fo r  the successful photomicrography 
o f l iv in g  algae include true  presentation of the p la s tid  pigmenta­
t io n , precise representation o f c e llu la r  inc lus ions , and a rres ting  
the motion o f the f la g e lla  as well as the in ta c t c e ll or colony. 
These c r i te r ia  can be met by pos ition in g  an e le c tro n ic  fla sh  tube 
in the axis o f the microscope l ig h t  beam. Systems developed ear­
l i e r  by Le itz  fo r  th e ir  Ortholux microscope have successfu lly  
demonstrated th a t the fla sh  could be centered in the beam between 
the f ie ld  and i r i s  diaphragm. However, th is  system did not 
include automatic quenching o f the fla sh  output.
A. Purpose and O bjectives.
The long-term ob jec tive  o f the research is  to  develop a v e r i­
f ie d  photographic record o f algae from ecoregions, communities and 
subcommunities o f algae w ith in  Arkansas. In order to  accomplish 
th is  ob je c tive , special equipment was designed and tested. The 
required f i lm  plane quenched fla sh  contro l systems are not a v a il­
able commercially fo r  microscopes. However, components are a v a il­
able v ia  professional and advanced amateur cameras. The f i r s t  
phase o f th is  research p ro je c t was to modify and adapt these com­
ponents fo r  attachment to  various microscopes. The ob jectives of 
the second phase included (1) the improved a d a p ta b ility  o f the 
u n it to  f i t  various microscopes, (2) te s tin g  the developed system 
under various lig h t in g  cond itions, and (3) producing high q u a lity  
micrographs o f selected algal taxa.
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B. Related Research and A c t iv it ie s
Algae were co llec ted  from add itiona l sampling s ite s  and new 
taxa were added to  our e x is tin g  data base. The developed u n it was 
applied to  develop a photographic record o f the midwestern 
species, v a r ie tie s  and forms o f the genus Pleurotaenium (Desmi- 
diaceae). In ad d itio n , selected taxa o f coccoid green algae, 
cyanophytes, as well as flage llaged  and rh izopodia l chrysophytes 
were photographed. These new images are included w ith in  an e x is t­
ing c o lle c tio n  and are cross-referenced w ith  a taxanomic data 
base.
New film s  have become ava ilab le  during the research period. 
Minimal in form ation fo r  microscopic app lica tions was ava ilab le .
Of p a rt ic u la r  in te re s t was the new Kodak Ektar 25 co lo r p r in t  
f i lm .  This f i lm  has exce llen t co lo r balance (d a y lig h t) w ith 
extremely fin e  grain s tru c tu re . The images can be enlarged up to 
35 times w ith  acceptable re su lts  as e ith e r co lo r or b lack/white 
p r in ts .  The app lica tion  o f high reso lu tion  color p r in t  f i lm  is  
very desirab le  fo r  developing a reference source which can be 
re a d ily  copied, annotated and d is tr ib u te d .
Other tested f ilm s  include Kodak Ektachrome HC 100 and s im ila r 
Fu ji products. These film s  produce p o s itive  images fo r  pro jec­
t io n . Films o f higher speed tend to produce lower re so lu tio n , but 
may be desirab le  fo r  fluo rescen t plus fla sh  montague images.
3
METHODS AND PROCEDURES
Careful analysis of the characteristics of several available 
amateur and professional 35mm camera systems were conducted. 
C rite ria  fo r selection of components to be adapted and modified 
were developed. These included: 1) o ff-th e -film  or equivalent 
flash contro lling c irc u itry , 2) flash units which can be extended 
from the camera body, 3) dissectable flash un it which w ill permit 
disessembly and modification, 4) dampened shutter closure to mini­
mize camera movement and disturbance of the specimens, 5) ava il­
able microscope adapters, and 6) matching photo eyepieces for var­
ying focal lengths of microscope objectives. An additional desir­
able characteristic includes compatabil i ty  with mounts of other 
photomicrographic and video equipment.
The equipment chosen fo r modification, adaptation and testing 
which met a ll of the above c r ite r ia  were Olympus OM 35mm camera 
components. Camera bodies from the OM-2 series or more recent 
models contain o f-the -film  sensing c irc u itry . Several flash units 
are compatable with th is  body, but the Olympus T Power Control 1 
flash un it has a detachable flash head (T 28). This control un it 
can operate on self-contained batteries or with an external power 
source.
The modification and adaption phase concentrated on the modi­
fica tio n  of the flash head to f i t  existing microscopes. The flash 
tube located between the f ie ld  diaphragm and condensor has given 
satisfactory results and permits the flash un it to be transferred
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to various microscopes without special adaptation.
The flash head was modified by introducing an ax ia lly  located 
2 cm aperature in the head body. Non-essential components were 
removed from the head and the power/control cable was moved from 
the posterior surface to a la tera l position. These modifications 
retained the parabolic re flec to r, but permitted the microscope 
lamp beam to pass through the housing and sim plified further adap­
tion to various microscopes. A simple holder for the modified 
head is  under development. With further experimentation, i t  may 
be possible to develop a universal adaptor with an adjustable, 
self-centering clamping mechanism.
PRINCIPAL FINDINGS AND SIGNIFICANCE 
Available microflash units for microscopes lack o ff-th e -film  
c irc u itry  to control the combined lig h t imput from the microscope 
illum ination and flash sources. Most of the units, therefore, 
lack the a b il ity  to readily measure various modes of illum ination, 
i.e . darkfie ld, b rig h tfie ld , phase-contrast and d iffe ren tia l 
interference contrast. Therefore, extensive experimentation is 
necessary to develop fixed combinations of illum ination in tensity 
and flash intensity/duration to produce satisfactory results.
The developed system described here uses an o ff-th e -film  met­
ering c irc u itry , which senses the to ta l lig h t input to the film  
and quenches the flash (c f. Meyer, 1989). This system measures 
lig h t from a ll sources, both the the microscope lamp and the flash
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tube. I t  accomodates variations in modes of illum ination as well 
as density of the specimen. The combined exposure is accomplished 
by setting the camera shutter speed fo r a shorter duration than 
required fo r correct exposure by the microscope lamp only. The 
microscope illum ination can be reduced in in tensity  as well as 
from a reflected or fluorescent source. The additional lig h t is 
from the flash source. The duration of th is  constant in tensity 
source is monitored and controlled by the camera. The flash dura­
tion is controllable from 1/40,000 to 1/10,000 sec.
The constructed system has been tested on microscopes contain­
ing b rig h tfie ld , darkfie ld , phase-contrast and d iffe re n tia l in te r­
ference contrast illum ination. The intense illum ination from the 
flash un it permits the use of film s with greater resolution but of 
lower film  speed. Thus, higher quality images are recorded.
This system e ffec tive ly  stops organism and organelle motion. 
Flagellar action is arrested at a ll levels of magnification and 
with various illum ination systems. With the flash system, speci­
mens can be observed and studied at lower in tensities/heat; 
thereby, reducing ce llu la r damage and without the introduction of 
destructive or non-destructive adjuncts.
The system was used to examine twenty (20) species, varieties 
and forms of the genus Pleurotaenium. This taxon was photographed 
at various levels of magnification, 5 to l,250x, with b righ tfie ld , 
phase-contrast and d iffe re n tia l interference microscopy. S im iliar 
techniques were used with representatives of the coccoid greens,
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euglenoids, desmids, bluegreen algae and several motile and amoeb­
oid chrysophytes.
Most of the micrographs were recorded on low speed, high reso­
lu tion  positive color film s. These provide high quality projec­
tion images. Detailed analysis may be achieved by viewing through 
a dissecting microscope. I f  daylight corrected film s are used, 
the resultant colors closely matched those of the specimen. How­
ever, some daylight film s may be weak in the yellow range of the 
spectrum while others emphasize the blues. For example, Kodak 
Ektachrome HC 100 provides high speed, moderate resolution, but 
enhanced blues with increased contrast. These characteristics may 
be valuable when photographing fluorescent images. The use of 
color correcting f i l t e r s  may s ig n ifica n tly  reduce film  speed to 
that of higher resolution color balanced film s.
The a va ila b lity  of high resolution, but low speed, color p rin t 
film  has added a new dimension to the research. Kodak's Ektar 25 
(ISO 25/15°) produces fine grain color prints with excellent color 
balance. The negatives can be enlarged up to 35x for either color 
or black/white p rin ts . This new film  and color prints are ideally 
adapted to the development of a ve rified  reference source of 
algae. The prin ts are easier to reproduce, do not require projec­
tion  equipment and can be annotated to h igh light specific charac­
te r is t ic s . Also, monochromatic prints can be incorporated into 
s c ie n tif ic  publications. Therefore, color prin ts and positive 
images w ill be produced as a component of the reference resources.
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CONCLUSIONS
The u til iz a tio n  of o ff-the -she lf components to produce a 
auto-regulated flash system adaptable to various microscopes and 
illum ination systems has been successful. The system is func­
tional and has surpassed the goals of the in i t ia l  phase of the 
research.
High resolution, color correct images of motile organisms, 
zoospores or gametes have been produced using a ll illum ination 
methods. The system is now being used to develop an extended col­
lection of images. Also, newer film  types have been tested and 
the addition of high resolution color p rin t film  has added a new 
dimension to the development of the reference resource.
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